In India, the most common cancer among men is cancer of lip-oral and its incidence is further increasing. Nodal metastasis is an important prognostic factor in oral cancer. Previous studies on factors associated with nodal involvement are mainly focused on clinical exploration, and there is very little work in statistical modeling for nodal involvement. Also, the available studies have limited covariates and their varying forms. Further, studies available from India have mainly focused either on occult nodal metastasis only or a specific site of oral or stages. Hence, in order to identify epidemiological determinants of nodal metastasis, objective of this study was to develop a regression model to find out factors associated with nodal involvement and assess its validity. 945 histopathologically proven oral squamous cell carcinoma (OSCC) patients who went under surgery including neck dissection during 1995-2013 at the Department of Surgical Oncology, Dr. BRA-IRCH, AIIMS, New Delhi, India, were included for model building. Another data of 204 patients available during 2014-2015 was used for the temporal validation of the developed model. To assess the factors associated with nodal involvement, stepwise multivariable logistic regression procedure was used and results are presented as odds ratio and corresponding 95% confidence interval (CI). Pain at the time of presentation [1.34 (1.02 to 1.77)], sub mucous fibrosis (SMF) [0.45 (0.21 to 0.95)], palpable neck node [2.38 (1.69 to 3.35)], tongue [1.63 (1.07 to 2.46)] as compared to buccal mucosa and degree of differentiation [1.41 (1.05 to 1.89)] were found to be significantly associated with nodal involvement. Further, diagnostic performance of the developed model was found to be satisfactory on temporal validation. These data suggest that, Pain at time of presentation, presence of clinical neck node, SMF, degree of differentiation and oral site are the most probable factors associated with nodal How to cite this paper:
Introduction
Cancer is a term used for diseases in which abnormal cells divide without control and are able to invade other tissues. All malignancies that are originated in the oral tissue are termed as oral cancer [1] . It mainly includes the Lips, Tongue, Alvelobuccal, Alveolus, RMT (Retromolar Triangle), Central arch (CA), Floor of mouth (FOM) and Buccal mucosa (BM). Squamous cell carcinoma (SCC) is most common histological type of cancer of the oral cavity and has an important and well-established pattern of dissemination to cervical lymph nodes [2] . Further, the most common cancer among Indian men is cancer of lip-oral [3] . Figure 1 shows the rank wise burden of oral cancer.
Oral cancer is evaluated at three levels, i.e., diagnosis of oral cancer, locoregional extent and systemic extent of oral cancer. As oral squamous cell carcinoma grows, cancer cells can spread to other parts of the body through the blood and lymph systems [4] . Metastasis to cervical lymph nodes may be because of filtering effect of the rich lymphatic system. Nodal metastasis strongly influences the five year survival rate, prognosis of oral cancer [5] and significantly affects regional control and survival [6] [7] [8] [9] [10] . Also, Metastasis in nodes is a complex multi-step process and cannot be explained by enlargementonly [11] [12].
The presence of cervical lymph node metastasis is clinically detected by palpation and assisted examinations such as computed tomography (CT) and magnetic resonance imaging (MRI) [13] . Among those having no clinically nodal involvement, up to 34% of the patient may still harbor occult metastasis [2] In addition to the primary lesion, the presence or absence of metastasis in the cervical lymph nodes may also greatly influence the outcome of oral cancer.
Hence, along with treating the primary lesion, appropriate management of the cervical lymph nodes is an important part of oral cancer therapy [12] [19] [20] [21] . Also, there has long been controversy over the indication, timing and methods of neck dissection [20] [21] . Latest in 2102, Dr. Deo also shows his concern regarding treatment of neck, on the data from same centre in Buccal and Alvelo-buccal cancer [12] . Difficulty in early diagnosis thus restricts the treatment carried out by surgeons [13] . A reliable and accurate means of preoperative evaluation of cervical lymph node metastasis is therefore crucial for the correct management of oral cancer [12] i.e., tongue, lip or buccal mucosa or stages. Also, they rely on small sample size, very limited covariates and only descriptive statistical analyses. Further, the considered number of covariates and scales of measurements of specific covariates vary from study to study. As obvious, such considerations are likely to provide varying results. In summary, to the best of my knowledge, there is no well organized study, especially from Indian population, in order to identify epidemiological determinants of nodal metastasis. Hence, objective of this study was to develop a regression model to find out the factors associated with nodal involvement and assess its temporal validity.
Materials and Methods
This was a cross-sectional study in which all histopathologically proven oral squamous cell carcinoma patients who went under surgery including neck dissection were included. One of the largestdatabase available on oral cancer patients attending to the outpatient department (OPD) A proforma "IRCT-Surgical oncology proforma for oral cancer management" was developed to collect all the necessary information from the patients routinely attending to the outpatient department (OPD) of the Department of Surgical Oncology, IRCH, AIIMS, New Delhi. India. It includes all demographic information, clinical observation and histopathological information taken during the treatment. Covariates and there forms were chosen based on extensive review of literature, exploratory analysis, and discussion with clinicians.
To describe the distribution of categorical variables, absolute/relative frequency distribution was used. The association between two qualitative independent variables was assessed using chi square test/Fisher's exact test. Linear correlations were assessed by Pearson's correlation coefficient and monotonic correlation by Spearman's rank correlation coefficient [33] . To find out the factors associated with nodal involvement, stepwise multivariable logistic regression procedure was used. Out of available 39 covariates, a set of 19 covariates (gender, age, socioeconomic status (as reported by the patients/their attendant), pain at the time of presentation, duration of symptoms, leukoplakia, smoking, SMF, duration of risk, tumor growth type, clinical t-stage, trismus, skin involvement, bone involvement, oral cutaneous fistula (OCF), palpable neck node, oral site, degree of differentiation, and tumor size) were considered for model building based on their association at level of significance up to 25% under crude association analysis [34] and/or on its clinical relevance. Result is presented in the form of odds ratio and corresponding 95% CI. Performance of the models was assessed using measures of discrimination and calibration (i.e. the correctness of the prediction probability of nodal involvement). Discrimination performance was evaluated using area under the curve (AUC) and correctly classified value. Calibration of the predicted probabilities calculated by the model was investigated using Hosmer-Lemeshow (HL) [35] goodness of fit test and specification error by linktest [36] . Internal validation was assessed using bootstrap simulation analysis [37] and temporal validation [38] was evaluated in relation to discrimination ability only.
Results
A total of 945 patients (model data) were included in the study for developing an Under temporal validation data, the AUC of the developed model was 0.67 and % of correctly classified patients was 63.7%. The analytical results listed in (Table 3 ) and plotted in (Figure 2 ) clearly indicate that there was no statistical significant difference of diagnostic performance (AUC) of developed model on temporal validation data (p = 0.58).
Discussion
Neck node metastasis is an important prognostic factor in oral SCC However, primary tumor site was not found to be associated with cervical lymph node metastasis under multivariable regression analysis on 88 patients only collected retrospectively from 1981 to 2012 [5] . Under another study (Kailiu Wu et al. (2015) ) histological grade and neurovascular invasion were associated with the risk of cervical lymph node metastasis of early tongue SCC (n = 171) [13] .
Further, Punnaya V. Angadi et al. (2015) found tumor budding and depth of invasion as significant predictors for lymph node metastasis in OSCC through multivariable regression analysis on merely 75 patients [40] . Furthermore, Siri- [41] .
In the present study, nodal involvement was examined histopathologically in patients with OSCC in order to elucidate the factors involved. In addition to already reported predictive factors namely palpable neck node, degree of differentiation and oral site for nodal metastasis under earlier studies, pain at the time of presentation and SMF were also found associated with nodal metastasis. Accordingly, along with the palpable neck node, in decision making regarding level of neck dissection, one may also consider pain, SMF, degree of differentiation and oral sites.
Further, an extensive discussion with clinical experts led to understand the protective behavior of SMF. This can be explained based on the hypothesis of fibrosis blocking lymphatic leading to less nodal involvement. In 2012, Pankaj
Chaturvedi et al. published an article on Indian OSCC patients to see the clinicopathological differences between with and without oral SMF. He found that patients with oral cancer-OSMF were less likely to present with a metastatic neck node [42] . Again, Gaurav Singh et al. (2014) , reported that negative neck node was significantly more in oral SMF patients with T4 lesions. In T1, T2 and T3 lesions, positive neck node was more among non-OSMF patients, but difference was statistically non-significant [43] . In both the studies, author used only univariate analysis. However, the relation of OSMF behavior with nodal involvement was on same pattern, what we got in our study.
It is strength of the present study that the development of model and its validity testing utilized a large scale data involving clinically relevant covariates. In view of this, the results under present study are likely to be of optimal use.
However, in view of observed moderate predictive ability of the developed model this model could also not be able to predict nodal metastasis with greater accuracy, hence a multicentre large scale study involving all possible relevant covariates may be a better choice.
In conclusion, findings under the present study reveals that, pain at the time of presentation, presence of clinical neck node, sub mucous fibrosis, degree of differentiation and oral site are the most probable factors associated with nodal involvement in oral squamous cell carcinoma patients. The current results might be expected to guide the clinical practices more accurately.
